This paper proposes a novel stacked tri-band circularly polarized antenna which has three independent ports. To obtain tri-band operation, a stacked three layers of microstrip antenna working at different frequency is presented. Each of them is fed by dual feed probes. The simulated results show that the antenna can cover Compass Navigation Satellite System CNSS B3 1.268 GHz, L band 1.615 GHz and S band 2.49 GHz. The proposed antenna has achieved a bandwidth of 3.1%, 6.8% and 2.3% at each band, respectively. It exhibits small axial ratio under 3dB in three bands for the CNSS applications. Details of the proposed antenna design and results for the obtained tri-band circularly polarized performances are presented and discussed.
2. RHCP radiation for B3 and S band, LHCP radiation for L band, Gain greater than 2.5 dBi; 3. Axial ratio (AR) is less than 3 dB at the frequency (B3/L/S); 4. Feed matched to 50 Ω ; The geometry of the proposed stacked tri-band CP microstrip antenna for CNSS applications is shown in Fig.1 The antenna is made up of three square patches stacked on one another. The three square patches are etched on separate substrates which have the thickness of h 1 ,h 2 ,h 3 , .In order to reduce the geometry of antenna patch, we choose relative permittivity 1 3.5 ε = , 2 6 ε = , 3 10 ε = . And a substrate made of Rogers 5880 material ( 4 2.2 ε = ) has been chosen to accommodate the feeding network. The top, middle and bottom square patches have different side length of i L respectively. ε is the approximated effective dielectric constant, and i f is the free space resonant frequency of the antenna. Each patch is excited by two probes feeding, which are connected to the patch through two via holes in the other patch. To optimize the antenna performance, four tuning stubs were added to the patch. Experiments shows the shortening of either stub will decrease the effective electromagnetic length of the dominant mode cavity formed by the patch, thereby increasing its resonant frequency. In order to improve the gain at 1.268GHz, a 3×3mm square hole was cut in the bottom substrate which add a shorted metallic wall around it. Owing to the adding of the shorted metallic wall, the gain at low frequency can increase about 1dB, thus it can satisfy the design required. Fig.2 shows simulated gain at 1.268GHz changes when adding a shorted metallic wall.
The antenna feeding network has to provide 90-deg phase difference between two probes at each band. To achieve this, a compact wideband 90-deg hybrid coupler has been used to supply two probes with balanced signals of equal magnitude and 90-deg phase difference. For the feed position at port 1 and port 3, right-hand CP (RHCP) operation is obtained. Through adjust the phase difference between the two probes, left-hand CP (LHCP) operation is obtained by feeding the patch at port 2. Hence, a tri-frequency circularly-polarized antenna is achieved by choosing the different feed port on the antenna. The final dimensions of the parameters are listed in Table I . The proposed antenna is fabricated and measured. The overall ground plane size is 50×50mm. 
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Measurement Results and Discussions
The characteristics of the proposed tri-band CP antenna are simulated by software Ansoft HFSS 10. The reflection coefficients are measured using a vector network analyzer, and radiation characteristics are measured in the anechoic chamber. The reflection coefficient, axial radio (AR), and radiation patterns measured at the three feeding ports of the antenna are presented in Fig.3,4 ,and 5, along with the simulated results. Fig.3 shows the return loss of different port which indicates that the three bands are: 1.268 GHz, 1.615 GHz and 2.49 GHz. A good agreement is obtained between simulation and measurement. The measured impedance bandwidths ( 11 S < -10) are 3.15% with respect to 1.268 GHz (from 1.25 GHz to 1.29 GHz) for the low band, 6.3% with respect to 1.615 GHz (from 1.53 GHz to 1.63 GHz) for the middle band and 2.8% with respect to 2.49 GHz from 2.47 GHz to 2.54 GHz for the upper band. The simulated axial ratio against frequency in the broadside direction is shown in Fig. 4 . The measured 3 dB axial ratio bandwidth for the first band is 15 MHz, from 1.258 to 1.273 GHz for RHCP, corresponding to about 1.2% with respect to 1.268 GHz for CNSS B3 application. The measured axial ratio bandwidth for the second band is 180MHz, from 1.5 to 1.68 GHz for LHCP, corresponding to about 11% with respect to 1.615GHz for CNSS L band, and the measured axial ratio bandwidth for the third band is 240 MHz, from 2.28 to 2.52GHz for RHCP, corresponding to about 9.6% with respect to 2.49GHz for CNSS application. Fig.5 show the measured radiation patterns in XoZ-plane and YoZ-plane at three frequency. According to the measured radiation patterns, RHCP radiation patterns at the low and high band and LHCP radiation patterns at the second band are excited in respectively. The radiation patterns are symmetrical at 1.268 GHz for the XoZ-plane with a 3-dB beamwidth of 96°and the YoZ-plane with a beamwidth of 92°. At the second and third bands, the beamwidth is narrower than that of the first band. Also, the radiation patterns are tilted slightly at the high frequency bands. The measured gain values at the all three bands of the proposed antenna are 3.0 dBi at 1.268 GHz, 3.95 dBi at 1.615GHz and 6.3 dBi at 2.49 GHz, respectively.
Conclusion
A novel triple-band circularly polarized stacked patch antenna is proposed in this paper and fabricated. The proposed antenna can be used in CNSS systems, since its bands of operation are: 1.268 GHz, 1.615GHz and 2.49 GHz. The radiation is circularly polarized at each band. For the low and high bands the wave is RHCP, while for the medium band it is LHCP. The broad beamwidth , small size and high gain of this antenna makes it suitable for the CNSS applications.
